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@ Medical electrical lead and method of manufacture. 



@ A medical electrical lead having a polyurethane 
outer sheath (22) and one or more coiled metal 
r- conductors (32A-32D). The metal conductors are op- 
^timized for use in conjunction with a polyurethane 
CNj sheath (22) and are provided with a barrier coating- 
r-(34) of a biocompatible metal. The conductors may 
'^additionally be provided with an outer, insulatrve 
0> coating (38). 
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MEDICAL ELECTRICAL LEAD AND METHOD OF MANUFACTURE 



BACKGROUND OF THE INVENTION 



This invention relates generally to implantable 
electrical leads, and in particular to electrical stimu- 
lation leads. 

In the early days of pacing, a cardiac pacing 
lead was viewed simply as a wire connecting the 
pacemaker to the heart. However, those skilled in 
the art have come to appreciate that a cardiac 
pacing lead as implanted is part of a complicated 
electrical, mechanical and chemical system. 

In an effort to improve performance, manufac- 
turers of pacing leads have selected specific com- 
mercially available alloys which have particularly 
advantageous mechanical and electrical properties 
when used in pacing leads. These include stainless 
steels, Elgiioycs) alloy, MP35N alloy, and DBS/MP. 
DBS is a drawn-brazed-strand. having a silver core 
surrounded" by strands of stainless steel or of, 
MP35N alloy. All of these conductors, when coiled, 
display appropriate mechanical and electrical char- 
acteristics for use in electrical stimulation leads. 

Although most early pacing leads were fab- 
ricated using silicone rubber to insulate the con- 
ductors, manufacturers have become aware of the 
superior mechanical properties of commercially 
available polyether urethanes. These include Pel- 
lethane 30A and Pellethane 55D polyurethanes 
manufactured by Dow Chemical Company. These 
polyurethanes are less thrombogenic than silicone 
rubber and higher in tensile strength. In addition, 
they slide^ easily against one another when 
moistened with body fluids. This property facilitates 
the use of two leads in a single vein, which was 
difficult with the older silicone rubber bodied leads. 
Unfortunately, recent experience has suggested 
that cobalt, chromium and molybdenum, commonly 
used in lead conductors, may accelerate oxidative 
degradation of polyurethane used in pacing leads. 
MP35N, Elgiioy and DBS/MP all include cobalt, 
molybdenum and chromium as significant constitu- 
ents. To a. -lesser degree, it appears that stainless 
steels may also accelerate polyurethane degrada- 
tion. 

An additional set of improvements in implan- 
table electrical leads has been the trend toward 
fabrication of multiconductor coils, rather than sep- 
arate, mutually insulated coils. Early leads, such as 
those disclosed in U.S. Patent No. 3,348.549 and 
U.S. Patent No. 3.788,329 show separate conductor 
coils in a side by side or coaxial configuration, 
insulated from one another by sheaths covering the 
entirety of the coiis. More recently, multipolar coil- 
ed conductors having individually insulated coil 



wires have been pursued, as disclosed in Canadian 
Patent No. 1,146,228. This patent discloses a sin- 
gle, multiconductor DBS coil having individually 
insulated wires, appropriate for use in conjunction 
5 with a polyurethane outer Insulation and is incor- 
porated herein by reference in its entirety. 

A primary object of the present invention is to 
enhance long term durability of pacing leads hav- 
ing polyether urethane insulation. 

w 

SUMMARY O F THE INVENTION 

The present invention is directed toward an 
15 optimal construction for a pacing lead or other 
medical electrical lead of the type having a con- 
ductor wire including a transition metal which ac- 
celerates polyurethane degradation and having 
polyetherurethane insulative sheathing. Cobalt, . 
20 chromium, and molybdenum are three examples of 
such transition metals. Other transition metals in- 
cluding iron are also believed to accelerate poly- 
urethane degradation. 

In conformity with Its process aspect 'the- 
25 present invention is a method of fabricating a medi- 
car electrical lead of the type comprising at least 
one coiled metallic conductor, an sinsulative 
sheath, an electrode and an electrical connector 
coupled to said conductor, said rnethod comprising 
30 the steps of: 

coating at least one wire fabricated of a first metal 
which comprises an alloy containing cobalt, chro- 
mium and/or molybdenum with a second, inert 
metal selected from the group consisting of plati- 
35 num, tantalum, niobium, titanium, pr alloys thereof, 
to obtain said conductor; 
coiling said conductor; 

mpunting said coiled conductor within the insulative 

sheath which is made of polyether urethane; and 
.40 coupling the proximal and distal ends of said coiled 

conductor, respectively, to the electrical connector 

and the electrode. . 

In accordance with the apparatus aspect. of the 

present invention a medical electrical lead com- 
45 prises: 

an elongated insulative sheath fabricated of a 
polyether urethane; 

at .least one elongated coiled conductor, located 
within said polyether urethane sheath; 
50 an electrode coupled to the proximal end of said 
elongated coiled conductor; and 
an electrical connector coupled to the proximal end 
of said elongated conductor; and 
wherein said elongated coiled conductor comprises 
a coiled wire of a first alloy including cobalt, molyb- 
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denum or chromium, provided with a coating of a 
second biocompatible inert metal selected from the 
group consisting of platinum, titanium, niobium, 
tantalum and alloys thereof. 

By coating the conductor wire with an inert 
material such as platinum, titanium, niobium or 
tantalum, which does not interact with polyure- 
thane. a chemically stable -lead configuration is 
produced. By providing an extremely thin coating 
of the inert metal, the desirable mechanical char- 
acteristics of the basic materials used in lead con- 
ductor wires are retained. Preferably, the coating is 
limited to a coating no more than 200 microns in 
thickness. The coating may also be provided by a 
sputtering technique which can produce an ex- 
tremely thin coating, but still functional, of less than 
1000. angstroms in thickness. This thinner coating 
is advantageous because it does not alter the me- 
chanical characteristics of the wire. 

BRIEF DESCRIPTION . OF THE DRAWINGS 

Rg. 1 is a plan view of a bipolar pacing lead 
according to the present invention. 

Fig. 2 is a cross sectional view of the lead of 
Fig. 1. ' ' 

Fig. 3 is a cross sectional view through one 
of the conductor wires used in a lead according to 
Pig. 1 

Fig. 4 is a top plan view of a wire transport 
used in sputtering conductor wires. 

Fig. 5 is a side, cutaway view of an appara- 
tus for. sputtering conductor wires. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 shows a plan view of a cardiac pacing 
lead according to the present invention. The pacing 
lead 10 includes a connector assembly at its proxi- 
mal end, including a first conductive surface 12. a 
second conductive surface 14, and two insulative 
segments 16 and 18, Insulative segments 16 and 
18 are each provided with a plurality, of sealing 
rings 20. Extending from the connector assembly is 
an elongated lead body, including an outer in- 
sulative sheath 22. which is preferably fabricated of 
polyurethane. Appropriate polyurethanes include 
Pellethane 86a and Pellethane 55D, both products 
of Dow Chemical Co. Within insulative sheath 22 is 
located a quadrifilar, multiconductor coil. Two of 
the conductors within the coil are coupled to con- 
ductive surface 12. The other two are coupled to 
conductive surface 14. Although the embodiment 
illustrated in Fig. 1 employs a bipolar, quadrifilar 



coil, the conductor wires described herein may also 
be used advantageously in unipolar leads and in 
leads employing coils having three or more mutu- 
ally insulated conductors. 
5 . At the distal end of Ihe lead are located a ring 
electrode 24, coupled to two of the conductors, and 
a tip electrode 26, coupled to the other two of the 
four conductors of the quadrifilar coil. Extending 
between ring electrode 24 and tip electrode 26 is 
70 an additional polyurethane sheath 28. Fixation of 
the electrode within the heart is assisted by a 
■ plurality of flexible tines 30, as described in U.S. 

Patent No. 3,902.501, issued to Citron et al. Tines 
. 30 may be fabricated of polyurethane or silicone 
75 rubber. 

• Fig. 2 shows a cross section through the lead 
of Rg. 1, intermediate the connector assembly and 
the ring electrode 24. In this view, the quadrifilar 
coil within sheath 22 is visible. This coil consists of 

20 four individual conductors 32A. B, C and D. The 
multifilar coil is provided with an internal lumen 25. 
which allows for the passage of a stylet. A Teflon® 
plastic liner 27 within lumen 25 may be provided to 
protect conductors 32A, B. C and D from nicks that 

25 . might otherwise occur due to passage of the stylet. 

Fig; 3 shows a cross section of one of the 
individual conductors of the coil. 32A. Conductor 
32A consists essentially of a core 36 fabricated of 
an alloy such as MP35N or Eigiloy® alloy or fab- 

30. ricated of DBS. The outer surface of conductor 32A 
is coated with a thin coating of an insulative, flexi- 
ble polymer 38. Polymer coating 38 is preferably 
Tefzel® fluorocarbon coating manufactured by 
Dupont. Coating 38 is preferably applied using an 

35 extrusion process. Other appropriate insulative 
coatings, including Teflon®, plastic, polyurethanes 
• and polyamids, may also be used. 

Intermediate coating 38 and core 36 is a thin 
layer -34. of an inert body compatible metal, free of 

40 cobalt, molybdenum and other materials- which 
negatively interact with polyether urethanes. Prefer- 
ably, this layer consists of platinum, niobium, tan- 
talum, titanium or alloys thereof, such as a 
platinum/niobium alloy. Other biocompatible met- 

45 als. which are inert when in body fluids and in 
contact with polyurethanes may also be appropriate 
substitutes. An appropriate process for providing 
coating 34 is a sputtering process as set forth 
below. This process preferably is employed to pro- 

50 vide a coating of between 300-500 A ' . 

Fig. 4 illustrates a top plan view of a .wire 
transport apparatus useful for sputter coating con- 
ductor wire according to the present invention. 
Wire* 102 is initially loaded onto payoff reel liO. 

-.5 Payoff reel 110 is provided with a drag 114 which 
maintains wire tension. The wire 102 then passes 
to idler pulley 116, through wire guide 120 and 
then onto grooved spool 124. There is also pro- 
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vided a second grooved spool 128. The wire 102 Is 
wound ber/veen the grooved spools 124 and 128 
so that it makes a plurality of passes across the 
process area 130. By providing for multiple passes 
through the process area, the wire transport 
nr»echanism allows for much more rapid processing 
of the wire than would a single pass system. 

The wire 102 comes off of grooved spool 128 
and passes through wire guide 138 to the idler 
pulley 142 and then to level winder 146. The level 
.winder 146 is operated by means of cylindrical 
- - • cam 147. The wire is taken up by the take-up spool 
148 which is motor driven. In the embodiment 
illustrated, the take-up spool 148 is conductive, but 
insulated from the rest of the wire transport, as is 
wire 102. A negative bias may be applied to take- 
up spool 1 48 by means of contact 1 54. 

The transport of Fig. 4 is intended for use with 
a sputtering cathode mounted horizontally above 
the process area 130. However, the arrangement of 
the transport mechanism may vary from that 
shown. For example, the grooved spools 124 and 
128 may be mounted vertically and the magnetron 
cathode and anode also mounted vertically. This 
. alternative arrangement allows for the use of two 
cathodes, one on either side of the grooved spools. 
In addition, by duplicating the parts of the wire 
. transport, sputtering of two or more, wires simulta- 
neously may be accomplished. Regardless of the 
specific configuration chosen, it is important that 
the wire's path does not include any bends or 
exposure to sharp edges which would damage the 
wire or alter its mechanical properties. It is desir- 
able to employ a tension monitor along the wire 
path in order to detect breaks or other malfunctions 
of the wire transport system. In the device of Fig. 
4. the tension monitor 1 50 is coupled to idler pulley 
142. 

Fig. 4 is intended only as one example of a 
usable wire transport system. Other systems, such 
as that illustrated in ' PCT Patent Application 
PCT/GB84/00246. International Publication No. 
WO85/00462, might also be utilized. •■ ■ , 

Fig. 5 is a side, cutaway view of the assembled 
apparatus for sputtering conductor wire. The illus- 
trated device employs a magnetron sputtering pro- 
cess, in which plasma of an inert gas, such as ' 
argon, is generated by means of an electric field. 
The apparatus employs a bias sputtering technique 
in which the wire conductor .may be held at a 
negative potential relative to the vacuum chamber 
and plasma. A discussion of this type of sputtering 
as applied to the coating of wires is contained in 
PCT Patent Application No. PCT/GB84/00246. pub- 
lished January 31. 1985. as International Publica- 
tion No, WO85/00462 for "Wire and Cable", by 
0*Brien et al. This published application is incor- 
porated herein by reference in its entirety. This 



application also discloses alternative methods of 
wire coating which may also be advantageously 
employed in providing an inert metal coating on a 
conductor according to the present invention. 
5 These methods include RF sputtering, evaporative 
coating, activated evaporation, ion plating, and 
plasma assisted chemical vapor deposition. 

The apparatus illustrated in Fig. 5 is adapted 
for batch sputtering of wire conductor, and includes 
70 a vacuum chamber 1 00 which contains the com- 
plete wire transport mechanism 101. In this view, 
the criss-cross pattern of wire 102 intermediate the 
grooved spools 124 and 128 is visible. Shaft 104 
which drives take-up reel 148 is also visible. The 
75 magnetron cathode 132 and anode 134 are moun- 
ted to the removable top 1 40 of vacuum chamber 
100. Cooling lines 151, 152 and power cable 160 
are routed to the magnetron cathode 132 via hous- 
ing 162. In the specific embodiment employed by 
20 the inventors, a 4 inch D.C. magnetron cathode, 
Type C, manufactured by Vac-Tec Systems is 
used. For best results, the wire 102 should pass 
> within 3 or 4 inches of the cathode 132. The target 
which comprises the metal to be sputtered is 
25 mounted to cathode 132. Vacuum is applied to the 
chamber by means of vacuum port 1 56. Argon gas 
is supplied to the chamber by means of gas port 
158. 

The thickness of the coating provided by the 
30 apparatus of Fig. 5 is dictated by a combination of 
factors, including distance to target, argon gas 
pressure, wire speed, number of passes and mag- 
netron power setting. In general, it has been found 
that a coating rate of approximately 1000 Ang- 
35 stroms per minute provides an adequate coating. 
However, other coating rates may be. used. Prefer- 
ably, a layer of about 500 A* or less is deposited. 
The apparatus illustrated in Fig. 5 is useful in 
depositing platinum, tantalum, niobium and 
40 titanium, as well as other materials. 

The general operation of the device of Fig. 5 to 
provide a sputtered platinum coating on MP35N 
alloy or DBS wire of about .1 to .3 mm in diameter 
is as follows. After loading the wire onto the wire 
45 transport system, the vacuum chamber 100 is 
evacuated to about 5 x 10~^ Torr and the cooling 
system for the magnetron cathode 132 is activated. 
After pressure has stabilized, argon gas is admitted 
via gas port 158, with gas pressure in the chamber 
:S0 regulated to about 2 milliTorr. The magnetron 132 
is then activated in its DC mode, and adjusted to a 
power output of approximately .5 kilowatts. After- 
[he power level stabilizes, the motor driven take-up 
I eel 148 is activated, and a negative bias may be 
•iii applied to take-up reel 148. Bias voltages from 0 to 
negative 100 volts result in satisfactory coatings. 
Wire transport speed should be adjusted to provide 
iho desired coating thickness. These parameters 
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will of course vary depending upon the nurnber, 
type, and arrangement of sputtering cathodes em- 
ployed. 

It has been found that proper cleaning of the 
, wire prior to sputtering enhances the deposition 
and adhesion of the sputtered material. One sat- 
isfactory method of cleaning the wire is to sequen- 
tially pass the wire through cleaning baths such as 
trichloroethane, isopropyl alcohol, a mild alkali 
based detergent solution, de-ionized water. 
. Isopropyl alcohol and freon. in that order. The 
solvents may be contained in ultrasonic cleaners, 
with the 'exception of the freon. The wire should 
stay immersed in each solvent for long engugh to 
assure thorough cleaning. A time of 2-3 minutes 
has been found to be adequate. Vapor degreasing 
systems such as disclosed in the above-cited PCT 
application are also believed appropriate. 

When used in leads having multi conductor 
coils, it is expected that at least some of the wires 
will be provided with a layer of insulating material 
in order to provide electrical isolation of the individ- 
ual conductors In the coll. However, in unipolar 
leads and other leads not employing multiconduc- 
tor coils, the coated wire may be used without an 
insulative layer. In either embodiment, the. metal 
coated wire provides significant advantages. In em- 
bodiments not employing an outer insulative layer, 
niobium, tantalum and titanium are believed espe- 
cially preferable. 

Conductor wires produced according to the 
present invention are believed particularly advanta- 
geous for use in cardiac pacing leads. Testing by 
the inventors has indicated that pacing leads em- 
ploying -polyurethane insulation and conductor 
vyires coated using the process described above 
have a substantially increased resistance to ox- 
idative degradation compared to similar leads hav- 
ing uncoated conductor wires. For this testing, the 
insulative layer was omitted. 

As used in pacing leads, conductor wires are 
typically -less than .25 mm in diameter, and are 
wound into extremely small diameter coils, having, 
diameters of 3 mm, or less and typically 2 mm^or 
less. With sputtei' coated wire, winding of coil sizes 
appropriate for use in pacing leads causes the 
sputtered coating to develop small breaches or 
cracks. However, simply covering a high percent- 
age of the surface area of the conductor provides 
substantial improvement in resistance to oxidative 
degradation of the polyurethane sheath. Moreover, 
the inventors have determined that actual physical 
contact between the conductor and the polyure- 
thane insulation is a significant factor in the ox- 
idative degradation of the polyurethane insulation. 
Even in the absence of an insulative outer layer, 
the typical cracks and breaches in the sputtered 
coating due to winding are unlikely to produce 



significant areas of contact between the base metal 
of the coil and the polyurethane insulation. 

The importance of actual physical contact be- 
tween the conductor base metal and the polyure- 

5 thane leads to another surprising result. The in- 
ventors have determined that a prewound conduc- 
tor coil, sputtered using the method and apparatus 
described above, and not employing an outer, in- 
sulative layer, still provides a substantial increase 

70 in resistance to oxidative degradation of the poly- 
urethane' sheath. Although the innermost portions 
of the coil will not be covered by the sputtered 
- coating, the outer portion of the- coil, which will 
directly contact the polyurethane insulation will be 

75 coated, and this appears to be sufficient. 

Although the specific embodiment disclosed in 
the present application is a cardiac pacing lead, the 
teaching of the application and the claims hereof 
are believed equally applicable to other implantable 

20 electrical leads, such as neurostimulation leads or 
leads employing electrical transducers. In addition, 
in embodiments employing a single electrode, us- 
ing either a monofilar coil or a unipolar, rriultifilar 
coil, the polymer coating 38 may. be dispensed 

25 with entirely. 



Claims 

30 1. A method of fabricating a medical electrical 

lead (10) of the type comprising at least one coiled 
metallic conductor (32A, 32B. 32C. 320.). an in- 
sulative sheath (22). an electrode (24, 26) and an 
electrical connector coupled to said conductor, said 

35 • method comprising the steps of: ' 

coating at least one wire (36) fabricated of a first 
metal which comprises an alloy containing cobalt, 
chromium and/or molybdenum with a second, inert 
metal selected from the group consisting of plati- 

40 num, tantalum, -niobium; titanium, or alloys thereof., 
to obtain said conductor; 
coiling said conductor; 

mounting said coiled conductor within the insulative 
sheath which is made of polyether urethane; and 

45 coupling the proximal and. distal ends of said coiled 
conductor, respectively, to the electrical connector 
and the electrode. 

. 2. A method according to claim 1 , wherein two 
or more of said wires (36) are coated, a layer (38) 

50 of insulative material is applied, after the coating 
step, to the exterior surfaces of said plurality of 
wires, said plurality of wires are coiled to provide a 
multifilar coil, and the proximal end of at least one 
of said plurality of coiled wires is coupled to an 

55 electrode (24, 26). 
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3. A method according to claim 1 or 2 wherein 
said step of coating said at least one wire (36) 
comprises sputtering a coating (34) of said second 
metal on to said wire. 

4. A method according to one of the preceding s 
claims wherein said coating step precedes said 
coiling step. 

5. A method according to one of claims 1 to 3 
wherein said coiling step* precedes said coating 
step. '0 

6. A method according to one of the preceding 
T - claims wherein said coating step comprises apply- 
ing a coating (34) of approximately 200 microns. or 
less of said second metal to said wire (36). 

7. A method according to claim 6 wherein said . 75 
coating step comprises sputtering said at least one 

wire (36) with said second metal, to provide a 
coating (34) having a thickness approximately 50 
nanonneters or less. 

a. A medical electrical lead comprising: " 20 
an elongated insulative sheath (22) fabricated of a 
polyether urethane; at least one elongated coiled 
conductor (32A, 32B, 32C, 32D), located within said 
polyether urethane sheath; 

an electrode (24, 26) coupled to the proximal end 25 

of said elongated coiled conductor; and 

an electrical connector coupled to the proximal end 

of said elongated conductor; and 

wherein said elongated coiled conductor comprises 

a coiled wire (36) of a first alloy including cobalt, 30 

molybdenum or chromium, provided with a coating 

(34) of a second biocompatible inert metal selected 

from the group consisting of platinum, titanium, 

niobium, tantalum and alloys thereof. 

9. A medical electrical lead according to claim 35 
8 comprising a multifilar coil which comprises a 
plurality of said coated wires (34, 36) which are . 
further provided with an outer coating (38) of an 
insulative material whereby the individual filars of 

said multiconductor coil are electrically' insulated 40 
from one another, the proximal end of at least one 
of the filars in said multifilar coil being coupled to 
at least one electrode. 

1 0. A lead according to claim 8 or 9 wherein 

said ccaiing (34) of said second metal is 200 45 
microns or less in thickness. 

11. A lead according to claim 10 wherein said 
ccating {34) of said second metal is about 50 
nanometers or less in thickness. 

12. A lead according to one of claims 8 to 1 1 so 
wherein said wire (36) has a diameter .of about 0.3 

mm or less. 

13. A lead according to one of claims 8 to 12 
wherein said wire coil has a diameter of about 3 

mm or less. 55 
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